An agglutinating chitinase with two chitin-binding domains confers fungal protection in transgenic potato.
Brassica juncea BjCHI1 is a unique chitinase with two chitin-binding domains. Here, we show that, unlike other chitinases, potato-expressed BjCHI1 shows hemagglutination ability. BjCHI1 expression in B. juncea seedlings is induced by Rhizoctonia solani infection, suggesting its protective role against this fungus. To verify this, transgenic potato (Solanum tuberosum L. cv. Desiree) plants expressing BjCHI1 generated by Agrobacterium-mediated transformation were challenged with R. solani. We also transformed potato with a cDNA encoding Hevea brasiliensis beta-1,3-glucanase, designated HbGLU, and a pBI121-derivative that contains cDNAs encoding both BjCHI1 and HbGLU. In vitro fungal bioassays using Trichoderma viride showed that extracts from transgenic potato lines co-expressing BjCHI1 and HbGLU inhibited fungal growth better than extracts from transgenic potato expressing either BjCHI1 or HbGLU, suggesting a synergistic effect. Consistently, in vivo fungal bioassays with soil-borne R. solani on young transgenic potato plants indicated that the co-expressing plants showed healthier root development than untransformed plants or those that expressed either BjCHI1 or HbGLU. Light microscopy and transmission electron microscopy revealed abundant intact R. solani hyphae and monilioid cells in untransformed roots and disintegrated fungus in the BjCHI1-expressing and the BjCHI1 and HbGLU co-expressing plants. Observations of collapsed epidermal cells in the co-expressing potato roots suggest that these proteins effectively degrade the fungal cell wall, producing elicitors that initiate other defense responses causing epidermal cell collapse that ultimately restricts further fungal penetration.